Room-temperature electromigration occurs in a thin stripe of eutectic SnPb solder stressed by a current density of 10 5 amp/cm 2 . Hillocks and voids grow at the anode and the cathode, respectively. While the dominant diffusion species is Sn in this two-phase alloy, the growth of the hillocks, surprisingly, originates from the Pb grains.
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Electromigration is a generic reliability issue in very large scale integrated devices. [1] [2] [3] The major problem has been the failure of interconnect lines. As the trend of miniaturization continues and the trend of flip chip packaging becomes more popular, 4 electromigration in solder joints is receiving a great deal of attention. Currently, each solder joint is designed to carry a current of 0.2 A or a current density close to 10 4 A/cm 2 . Since solder is a low melting point material ͑183°C for the eutectic SnPb͒ with a high atomic diffusivity in the device operating temperature range of 80-150°C, electromigration becomes a reliability issue. In this letter, we present room temperature electromigration in a eutectic SnPb solder stripe.
To prepare the test samples, a bilayer Cu/Cr thin film was deposited onto an oxidized Si substrate by process of e-beam evaporation. The thickness of the Cu and Cr were 1 m and 50 nm, respectively. By using lithographic and etching method, two thin film lines of 120 m width and 1 m thickness, with a separation of 100 m, were patterned on the SiO 2 /Si substrate, as depicted in Fig. 1͑a͒ . The ends of the two thin films were joined by a tiny drop of solder with a mildly activated resin flux at 220°C. Then we polished the solder bump down to nearly the same height as the Cu thin line by sanding with an ultrafine SiC sandpaper, followed by polishing with 0.05 m Al 2 O 3 powder on a polishing cloth. Figure 1͑b͒ illustrates the scanning electron microscopic ͑SEM͒ image of a eutectic SnPb solder stripe after it was stressed by a direct electrical current density of 10 5 A/cm 2 at room temperature for 19 days. Hillocks are observed in the anode side near the interface between the solder and Cu.
The hillock growth has indicated a direct microstructureelectromigration correlation as shown in Fig. 2 . The upper and lower sets of six SEM micrographs show, respectively, a series of the top-view and side-view images of the evolution of a particular hillock growth. As shown in the upper set, the hillock originated from a Pb grain and arose gradually from the solder surface, following the contour of the Pb grain. Interestingly, we found that the cap of the hillock with white color was determined by energy dispersive x-ray analysis to be Pb, but the body of the extrusion below the Pb was Sn, which appears darker in the side view images. Coupled with the fact that voids of Sn grains were created at the anode side of the stripe ͑Fig. 3͒ it suggests that Sn atoms driven by electromigration have diffused from the cathode to the anode. The accumulation of Sn atoms at the anode side created a compressive stress, and as a result Pb grains were pushed out.
However, the question of why the majority of atomic diffusion was Sn and not Pb, and also why Pb grains and not Sn grains were squeezed out remained. Eutectic SnPb in the solid state is an alloy of two mixed phases; one is Sn-rich and the other is Pb-rich. There are three possible diffusion paths in the alloy; lattice diffusion, grain boundary diffusion, and interfacial ͑lamella interfaces͒ diffusion. Lattice diffusion can be ruled out first due to the low temperature. The interfacial diffusivities of Sn and Pb were shown to have very little difference from the data of Gupta, Viergge, and Gust.
5 Yet, the previous literature 5 reported that the combined diffusivity of interface diffusion and boundary diffusion of Sn atoms is one order of magnitude greater than that of Pb atoms.
In the eutectic lamella microstructure, the two phases are segregated but their grains are intermixed. As more Sn atoms are driven toward the anode side, grain growth of the Sn occurs there. The excessive compressive stress buildup was FIG. 1. ͑a͒ Schematic picture of the eutectic SnPb solder thin stripe sample. ͑b͒ The scanning electron microscopic image of an eutectic SnPb solder stripe stressed by a direct electrical current density of 10 5 amp/cm 2 at room temperature for 19 days.
APPLIED PHYSICS LETTERS VOLUME 75, NUMBER 1 5 JULY 1999 released through the rupture of the oxide layer on the top side of the solder stripe. 6 The boundaries between the Pb oxide and the Sn oxide are the most prone and susceptible to breaking due to weak bonds between the oxides. These broken areas release the compressive stress and allow an upward motion of the Pb grain, as depicted in Fig. 4 . Whether there is also a sliding motion of the Pb grain and what are the crystallographic relationships between the Pb grain and its surrounding grains are very interesting questions. At the opposite cathode end, a series of voids was observed near the junction of the solder and the Cu line. Figure 3 is a SEM image of a void, which is surrounded mainly by Pb grains. It indicates that the Pb grains were more resistant to electromigration than the Sn grains. When the Sn grains were depleted, some of the Cu-Sn compound grains were revealed, showing that the Cu-Sn compound also has a stronger resistance to electromigration.
Since most of hillock growths follow the sequence shown in Fig. 2 , the cross-sectional area and the height of the hillocks, and in turn the total volume, can be estimated. Figure 5͑a͒ shows the total volume of hillocks versus the current stressing time. A linear relationship between the total extrusion volume and time is seen. This is expected as the atomic flux is constant under a constant driving force,
where C is the concentration of Sn, D Sn is the effective diffusivity of Sn in the solder stripe, Z* is the effective charge number of diffusing Sn atoms, e is electron charge, E is electrical field, and kT has the usual meaning.
The total number of hillocks versus current stressing time is shown in Fig. 5͑b͒ . The number of hillocks increased rapidly during initial current stressing, but slowed in the later stage. We expect that once a sufficient number of hillocks have released their compressive stress, new hillock formation would be more difficult.
In conclusion, the hillock and void formations were observed in a eutectic SnPb solder stripe under room temperature electromigration. At the anode, hillocks originated from the Pb grains and were extruded under a compressive stress due to the incoming flux of Sn atoms. The morphology of the voids at the cathode also indicates that the Sn grains were depleted during the process. A clear relationship between the microstructure change and electromigration is observed.
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